Mycobacterium leprae is an intracellular pathogen that is ingested by and proliferates within cells of the monocyte/macrophage series. Mechanisms by which intracellular pathogens resist destruction may involve failure to elicit a phagocyte "respiratory burst" or resistance to toxic oxygen derivatives and lysosomal enzymes. We have studied the ability of M. leprae and Mycobacterium bovis BCG to stimulate the generation of superoxide anion (02-) in vitro by human blood neutrophils and monocytes and murine peritoneal macrophages. M. Ieprae bacteria failed to stimulate significant 02-release except at high bacteria-to-cell ratios (>50:1) whether or not they were pretreated with normal serum or serum from patients with lepromatous leprosy. Either viable or irradiated BCG; on the other hand, stimulated the three cell types to release significant amounts of 02-when challenged with as few as 10 organisms per cell. Serum pretreatment enhanced the release of 02-by the three cell types. Preincubation for 18 h with viable M. Ieprae did not inhibit the ability of monocytes to respond with an oxidative burst to phagocytic stimuli. The failure of M. leprae to stimulate phagocyte 02-generation may be an important factor in its pathogenicity.
Mycobacterium leprae is an obligate intracellular parasite that upon ingestion by cells of the monocyte/macrophage series resists destruction and, in fact, proliferates within these cells. M. leprae is readily apparent within tissue macrophages in lepromatous leprosy, whereas it is rarely seen in tuberculoid disease.
The mechanism by which intracellular pathogens such as M. leprae resist destruction remains poorly understood.
Possible mechanisms of bactericidal activity are believed to include effects of toxic oxygen derivatives such as superoxide anion (02-), hydroxyl radical (OH -), or hydrogen peroxides (H202) derived from the phagocytic cell respiratory burst (2) as well as degradation by lysosomal enzymes (6, 14) . Recent studies have suggested that intracellular pathogens may have evolved effective mechanisms for resisting phagocytic cell microbicidal activity either by inhibiting or neutralizing the production of oxygen metabolites or by preventing interaction with these substances (28, 33, 46) . In addition, the ability of phagocytic cells to ingest C3b-coated particles without triggering the respiratory burst has been reported (47, 48) . Mycobacteria, including M. bovis BCG (1), M. microti (42) , M. tuberculosis (20) , and M. intracellulare (9) as well as M. leprae (22) , have been shown to be susceptible to killing by hydrogen peroxide. M. Ieprae is known to be ingested by phagocytic cells in vitro (26) and in vivo (27) well and allowed to adhere for 60 min at 37°C in a humidified atmosphere containing 5% CO2 and 95% air. Nonadherent cells were removed by washing with fresh medium, and the plate was incubated overnight as described above. In the morning, nonadherent cells were again removed by washing, and the plates were incubated until assayed.
Human peripheral blood monocytes and polymorphonuclear leukocytes (PMNs) were obtained from purified protein derivative-negative, normal, adult donors. Cells were isolated by a modification of the method of Boyum (4) . Briefly, PMNs were isolated from heparinized (10 USP units/ml) blood by Ficoll-Hypaque sedimentation at 400 x g for 20 min, followed by dextran sedimentation (6% in HBSS) at room temperature for 30 to 45 min. The PMN-rich supernatant was collected and centrifuged at 150 x g for 10 min, and the cells were suspended in 8 ml of 0.9% NaCl. The suspension was exposed to 24 ml of distilled water for 20 s to lyse remaining erythrocytes, and then 8 ml of 3.6% NaCl was added to restore isotonicity. The cells were washed in HBSS, and the PMN concentration was adjusted to 1 VOL. 51, 1986 significance between each experimental group and the HBSS control groups.
RESULTS
Effect of viable and irradiated BCG and M. leprae on stimulation of superoxide anion release. Since the phagocytosis of a wide variety of microorganisms and inert particles elicits a stimulation of the "respiratory burst" in human peripheral blood monocytes and neutrophils and murine peritoneal exudate cells, it was of interest to examine whether the ingestion of BCG or M. leprae would produce a similar generation of potentially toxic oxygen radicals. Human peripheral blood PMNs and monocytes were incubated in 1.0 ml of HBSS (pH 7.4) without phenol red at 37°C for 15 min. To each tube or well were added 1.0 ml of assay mixture containing ferricytochrome c in HBSS without phenol red and the bacteria to attain the indicated particleto-cell ratios. PMA at 1 ,ug/ml (final concentration) was used as a positive control. Wells containing assay mixtures but no cells were used to correct for variations in absorbance for each stimulus. Both viable and 2.5-Mrad-irradiated BCG markedly stimulated BALB/c macrophages as well as human blood PMNs and monocytes to release 2- (Fig. 1) . The amount of 02 generated was comparable to that generated by opsonized zymosan challenge, but less than that seen with PMA. In all cases, cells not challenged (HBSS controls) secreted minimal 02-. Both viable and irradiated M. leprae were used to challenge BALB/c macrophages and human PMNs and monocytes (Fig. 2) . Even at higher bacteria-tocell ratios (50:1 to 100:1), M. leprae did not stimulate O2-release at levels higher than that seen in the HBSS control (data not shown). Both figures are representative of experiments performed at least four times. No significant difference in the degree of 02-generation was seen between viable or irradiated organisms. Effect of the bacteria-to-cell ratio on 02-release. Since the viability of M. leprae or BCG did not appear to affect 02-generation, irradiated M. leprae organisms were used in the remaining investigations unless otherwise indicated. To determine whether 02-generation was influenced by mycobacterial concentration, varying concentrations of irradiated M. leprae and BCG were used to challenge human PMNs or BALB/c macrophages (Table 1) . BCG, at particle-to-cell ratios of from 10:1 to 50:1, significantly stimulated both cell types to release 02-Irradiated M. leprae at 25:1 to 100:1 did not stimulate significant O2-release from human PMNs.
Although the O2-generated by the addition of M. leprae to murine macrophages was small, it was statistically significantly greater than the control only at an organism-to-cell ratio of 100:1 (P < 0.005).
Influence nuclear series, and to proliferate within them (5, 15, 27, 38) . leprae at a bacteria-to-cell ratio of 20:1. Wells were washed A number of studies have examined functions of phagocytic with HBSS, and the monocytes were challenged with BCG cells from patients with leprosy. Phagocytic cells from at a bacteria-to-cell ratio of 25:1, irradiated M. leprae lepromatous patients have been reported to exhibit a serum at 25:1, or PMA at 1 ,ug/ml. Table 3 shows the resulting factor-mediated defective leukotaxis (40, 43) . Peripheral blood PMNs from patients with lepromatous disease are able to reduce Nitro Blue Tetrazolium normally (10, 24) but may exhibit an enhanced endogenous SOD activity during therapy (30) . Normal 02-production (35) and normal in vitro microbicidal activity by PMNs from these patients have also been reported (7) . Monocytes from patients with lepromatous disease have been shown to exhibit altered protein synthesis in the presence of M. leprae (26, 36) as well as defective interleukin 1 (IL-1) production (44), defective antigen processing (16) , lack of killing of Candida sp. (8), and defective abilities to provide accessory cell function for lymphocyte proliferation (36, 37) .
Splenic and peritoneal macrophages from mice infected with M. lepraemurium have been shown to have differences in functional and morphological responses to Candida sp. or to opsonized erythrocytes (11) . In addition, macrophages from M. lepraemurium-infected mice have been shown to have a depressed ability to produce IL-1 (18) . Serum from M. lepraemurium-infected mice also apparently exhibits strain-specific alterations in macrophage-activating and -suppressive factors (34) . These phagocyte abnormalities may play a role in the impaired IL-2 production (17, 18) and suppression of cell-mediated immunity (23) seen in these animals. Cell-mediated immunity is known to be an important factor in the severity of leprosy (reviewed in reference 3). Macrophage antigen presentation and the production of IL-1 are thought to be necessary for appropriate T-cell responses to M. leprae. Recent work has shown that T-cells from lepromatous patients may be defective in their abilities to produce IL-2 and gamma interferon, but that T-cell responsiveness can be restored by addition of purified IL-2 (3, 12, 13, 31) . Gamma interferon has been shown to activate macrophages for increased oxidative activity (29) , and stimulated mononuclear phagocytes are known to exhibit enhanced oxidative killing of intracellular parasites (28, 41 It therefore appears that M. leprcie, whether serum treated or not, does not stimulate normal phagocytic cell oxidative burst activity. One explanation for the absence of an oxygen burst is that M. leprae is not ingested the way BCG is. By phase-contrast and light microscopy, similar numbers of organisms appear to be associated with the phagocytes during the assay period. We are currently investigating the kinetics and quantity of mycobacterial uptake by phagocytes in vitro.
The C3b-mediated ingestion of other particulate phagocytic stimuli without triggering of the respiratory burst has been reported (47, 48 
